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osting by EAbstract Natural vegetation on sand dunes located in North Sinai is exposed to several stress fac-
tors, such as: aridity, high light intensity, extreme temperature, nutrients limitations and sand accre-
tion. . ., etc. Many plants have adapted, genetically, morphologically and physiologically to
withstand stresses, partially or completely, with variable degrees between plant species. The sand
dune system in El-Ssabha, El-Sheikh Zuwied, Abu-Asab, El-Hauol, El-Gapher and Magaria at
the north of Sinai was studied phytosociologically and ecologically. Twenty-four plant species
growing in the above mentioned locations were collected during 2007 and 2008. Plant root
length/shoot length ratio, root dry weight/shoot dry weight percentage, root and shoot water sat-
uration deﬁcit (W.S.D.) percentage, root and shoot succulence degree percentage and the concen-
trations of: total chlorophyll pigments, proline, soluble carbohydrates, N, P, K, Na, Ca and Mg
were measured. The results indicated that the climatic factors have signiﬁcant role on the monthly
and seasonally microhabitats. The great variety of coarse sand recorded in El-Ssabha sand dunes.
Soil moisture percentage gave maximum percentage in wet season during the two years 2007 and
2008. Soil pH and soil E.C obtained varied according to the location. Ammophila arenaria were
recorded in all sand dune locations. Generally, Boiaceae family gave the highest values for six plant
species belong. Cressa cretica recorded the highest values of root/shoot length ratio and Iﬂoga4444 1454.
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Locations
1 El-Maghara
2 El-heikh Zuwied
3 Bir El-Abd
4 ’’
5 ’’
6 ’’
82 M.R.M. Gad et al.spicata of root/shoot dry weight percentage. The mean values of roots and shoots water saturation
deﬁcit (W.S.D.) percentage and succulence degree percentage recorded 40.850, 37.555, 46.309 and
37.657, respectively. Total chlorophyll pigments, proline and soluble carbohydrates differ from spe-
cies to another. Some macronutrients were highly concentrated in shoot system compared to root
system. The relationships are highly signiﬁcant simple correlation coefﬁcients and simple regression
equation between most parameters of plant species.
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Very little is known about the ecophysiological behavior of
sand dunes plants of North Sinai. Some workers have investi-
gated the various natural plants formed from sand dunes such
as Zahran et al. (1990), the delta section of the Mediterranean
coast of Egypt. The vegetation types of the sand formation in-
clude eleven communities dominated by: Elymus farctus ssp.
farctus, Alhagi graecorum, Cynodon dactylon, Heliotropium
curassavicum, Stipagrostis lanata, Thymelaea hirsuta, Moltki-
opsis ciliata, Asparagus stipularis and Pancratium maritimum
(sand dunes), Cressa cre´tica and Phragmites australis (sand
ﬂats). The reed swamp habitat is dominated by Typha doming-
ensis. In the fertile noncultivated land A. graecorum, C. dacty-
lon and H. curassavicum are the dominants. El-Zanaty et al.
(2009) reported twenty-six plant species in the coastal sand
dunes (El-Qasr) area, at Marsa Matruh city belonging to thir-
teen families. Abernethy and Mc Nanus (1999) found that
established psammophytic plants have evolved many physio-
logical adaptations to counteract water stress, as those pre-
serve water balance in plant organ tissues. Many other
changes occur in psammophyte plant components under water
deﬁcit stress such as: proline concentrations in speciﬁc plant
organs (Abernethy and Mc Nanus, 1999; Gad, 2004). There
are many changes in plant growth parameters, total chloro-
phyll content, net CO2 uptake and many other physiological
processes (Marin and Filion, 1992; Yuan et al., 1993; Perumal
and Maun, 1999; Gad, 1999, 2004). Native sand dune plant
species are exposed to several stress factors, such as: aridity,
high light intensity, temperature extreme, nutrients limita-
tions. . ., etc. under ecosystem conditions.
This investigation studies the mechanism that the neutral
vegetation adapts the adverse environment including the
adjustment of photosynthetic pigments, soluble carbohydrates,
prolin and macro nutrients in plant organs tissues.
Materials and methods
The Sinai Peninsula is located in the Northeastern corner of
Egypt. Six sand dune areas were selected for this study. Their
locations are demonstrated as follows:El-Ssabha
El-Sheikh Zuwied
Abu-Asab
El-Hauol
El-Gapher
MagariaEvery selected sand dune was divided into two directions, i.e.
(windward and leeward), and four levels of every one i.e.
‘‘Interdune’’, the ﬂat area between dune, ‘‘Foot’’, the bas of
the dune, ‘‘Flank’’ the middle of dune slop and the top ‘‘Crest’’.
Different data were collected during two years (2007 and 2008).
Climatological data
It was collected from three meteorological stations located in
El-Maghara, El-Sheikh Zuwied and Bir El-Abd.
Edaphic factors
Soil Samples were collected from two directions (windward
and leeward), four levels (interdune, foot, ﬂank and crest)
and two depths (0–20 cm) and (20–40 cm) in two seasons dur-
ing the 2007 and 2008 years of every chosen sand dunes.
These soil samples were subjected to the following analysis:
Physical characteristic
Soil moisture content was determined at 105 C for 48–72 h,
tell constant weight
Soil moisture content % ¼ Fresh weightDry weight
Dry weight
 100
Particle size distribution was carried out by the use of dry
sieving technique (Klute, 1986). The relative frequency per-
centage of each size fraction was plotted.
The ﬁne soil samples were subjected to physical analysis as
described by Page et al. (1982).
Chemical characteristics
After sieving of soil samples through 2 mm sieve the following
chemical analyses were conducted in 1:2.5 (soil:water) extract.
Soil reaction (pH) was measured using Beckman Bench
type pH meter, (K M 7001 digital pH meter).
Soil salinity (EC) was measured by electric conductivity
using EC meter (DIGIMETER L21).
Soluble cations and anions were determined in the soil solu-
tion extract according to Jackson (1973).Latitude Longitude
323703000 – 324500000 North 303000000 – 303703000 East
340000000 – 340700000 North 310703000 – 311500000 East
323000000 – 323703000 North 305203000 – 310000000 East
325203000 – 330000000 North 323703000 – 324500000 East
323703000 – 324500000 North 323703000 – 324500000 East
315203000 – 323000000 North 323703000 – 324500000 East
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Samples of different plant species were collected during the
growing seasons of 2007/2008 and 2008/2009 from six different
sand dune locations by using quadrate (m2), which repeated
randomly 10 times. The classiﬁcations and identiﬁcations of
the collected plant samples were carried out after Tackholm
(1974).
The following growth parameters were determined in the
collected plant samples:
Root length/shoot length ratio
Root/shoot dry weights ratio
Root and shoot water saturation deﬁcits (W.S.D.) were
determined as described by Kozlowsk (1972), as follows
ðW:S:D:Þ % ¼ Saturation weight Fresh weight
Saturation weightDry weight  100
Root and shoot succulence degree (%) was studied according
to the method used by Greger et al. (1991) and described by
Abd El-Hamid et al. (1992a,b).
Chemical analysis in plant tissues
Chemical analysis was determined in root system and shoot
system.
Photosynthetic pigments, i.e. total chlorophyll and carote-
noids were determined in fresh samples using standard method
as mentioned by Arnon (1949).
Total soluble carbohydrates were determined using Herbert
et al.’s method (1971).
Proline concentration, according to Stewart and Hanson
(1980).
Mineral compositions in plant tissues.
- Total nitrogen (N) was determined using micro-Kjeldahl
method as described by Page et al. (1982).
- Phosphorus (P) was determined colorimetrically according
to John (1970).
- Potassium (K) and sodium (Na) were estimated by ﬂame
photometer methods of Brown and Liliand (1964) using
Perken Elmer model 149.
- Calcium (Ca) and magnesium (Mg) were determined titri-
metrically using the versenate (EDTA) method.Statistical analyses
Simple correlation coefﬁcients (r) and regression coefﬁcient
were also calculated according to the method described by
Snedecor and Cochran (1980) using ‘‘Co-Stat and Microsoft
Excel computer program’’.
Results and discussion
Climatic factors
As mentioned before, the climatological data from the col-
lected data were gained from three metrological stations,
which represent mostly the prevailing of some factors, as the
data of El-Maghara seemed to be the most nearest station to
El-Ssabha sand dunes area, El-Sheikh Zuwied station data rep-
resent the prevailing of factors under the second area and BirEl-Abd metrological station data seemed to be the most near-
est station to the four other areas. The climatological data
were tabulated of El-Maghara, El-Sheikh Zuwied and Bir El-
Abd in Table 1.
Wind speed (km/h)
Wind speed (km/h) is considered as the main factor affecting
the formation of sand dunes and the activity of mobilization.
Its direction may affect the shape and type of sand dunes.
The effective wind speed (P13 km/h) affects the movement
of the aeolion deposits. The average wind speed in the three
locations is about 8.01, 6.18 and 15.78 km/h. The highest wind
speed was recorded in spring months, while the lowest was
detected in autumn months.
Air temperature (C)
Air temperature (C), the recorded values of the mean monthly
air temperature in the three locations are 19.87, 12.80 and
14.05 C in January and 32.58, 26.37 and 27.58 C in August.
Air relative humidity (%)
The average of relative humidity is (77.58%, 92.44% and
70.08%), and it reaches its highest value in winter, while the
driest period lasts during summer.
Total rainfall (mm)
Total rainfall (mm), as shown inTable 1 in bothEl-Maghara and
Bir El-Abd, reaches about 40.320 mm/year. According to the
UNESCO (1979) such results indicate that El-Maghara and
Bir El-Abd are located in the hyper arid condition while, El-
Sheikh Zuwied is located in semi arid zone (192.71 mm/year).
Edaphic factors
Soil moisture percentage
Table 2 showed that most of the tested factors of sand dune
affected signiﬁcantly the soil moisture proportions. Logically,
soil moisture values seemed to be higher during wet season
than the dry ones in all locations. El-Sheikh Zuwied sand
dunes location had the highest moisture values that may be
attributed to the climatic factors such as rainfall and percent-
age of plant cover (Mann et al., 1976). This result was obtained
at dry and wet seasons of both the years (0.384%, 0.950%,
2.839% and 3.605%), respectively. On the other hand, El-
Ssabha sand dunes location had the least soil moisture content
in dry and wet seasons during the two years (0.242%, 0.147%,
2.151% and 2.123%, respectively).
Distribution of soil size particles
The data of the particle size distribution show that in Table 3
in El-Ssabha sand dune, (34.10%) of soil particles size is de-
ﬁned as very coarse sand, as it represents (24.60%, 8.37%,
4.20%, 2.81%) under Abu-Asab, Magaria, El-Sheikh Zuwied,
El-Gapher area and about (0.24%) under El-Hauol region.
Chemical characteristics (Table 4)
It could be concluded that very limited changes were de-
tected for pH in different depths sand dunes but El-Gapher
region contained the highest level of soluble cations and an-
ions. In general, Na, HCO3, Cl and SO4 were higher in the
Table 1 Climatic data (as month means) at El-Maghara, El-Sheikh Zuwied and Bir El-Abd metrological stations.
Months Wind speed (km/h) Mean air temperature (C) Air relative humidity (%) Total rainfall (mm) Sun shine (KW/m2)
El-Maghara (2005/2008)
Jan. 5.24 19.87 76.25 3.26 3.03
Feb. 6.58 20.64 72.58 3.01 3.53
Mar. 10.69 20.78 73.66 – 4.11
Apr. 11.25 21.09 77.54 – 4.87
May 6.97 24.84 74.68 – 4.92
Jun. 7.16 28.87 76.98 – 5.46
Jul. 6.77 29.51 79.11 – 5.81
Aug. 8.65 32.58 76.35 – 6.89
Sep. 8.97 30.91 74.38 – 6.78
Oct. 7.33 28.17 74.89 – 5.22
Nov. 7.57 27.19 77.18 3.84 4.37
Dec. 8.94 20.46 77.34 4.47 3.16
Total – – – 14.58 –
Mean 8.01 25.41 77.58 – 4.85
El-Sheikh Zuwied (2004/2007)
Jan. 8.3 12.8 89.38 32.57 2.32
Feb. 10.29 13.6 91.41 38.67 2.66
Mar. 7.95 15.78 88.47 14.54 4.55
Apr. 7.71 18.04 90.18 10.03 6.03
May 5.49 20.6 92.79 0.13 7.4
Jun. 3.55 23.52 95.86 – 7.35
Jul. 5.14 25.77 97.37 – 8.01
Aug. 3.65 26.37 96.4 – 7.25
Sep. 4.04 25.47 91.67 0.26 4.94
Oct. 4.02 22.95 93.52 9.78 3.1
Nov. 7.66 18.26 89.9 33.08 2.35
Dec. 6.35 14.04 92.31 53.65 2.19
Total – – – 192.71 –
Mean 6.18 19.77 92.44 – 4.85
Bir El-Abd (1962/2009)
Jan. 20.9 14.05 71 13.2 –
Feb. 17.6 14.55 69 4.3 –
Mar. 13 16.5 69 8 –
Apr. 13.7 19.6 68 0.07 –
May 15.5 22.62 69 0.9 –
Jun. 14.1 25.25 71 – –
Jul. 10.7 27.7 71 – –
Aug. 10 27.85 71 – –
Sep. 15.4 25.95 69 0.05 –
Oct. 18.7 23 72 8.7 –
Nov. 17.9 19.2 72 0.9 –
Dec. 21.8 15.4 69 4.2 –
Total – – – 40.32 –
Mean 15.78 20.97 70.08 – –
Source: El-Maghara, El-Sheikh Zuwied stations (Desert Research Center) and Bir El-Abd, Metrological Authority, Cairo.
84 M.R.M. Gad et al.ﬁrst depth (0–20 cm) than its values in the second depth (20–
40 cm).
Distribution of native plant species
Table 5 shows that there are twenty-four plant species naturally
growing on the six locations of the sand dunes of North Sinai
during the two years (2007 and 2008). 11, 10, 9, 7, 5, 3 species
were found under El-Ssabha, El-Sheikh Zuwied, Abu-Asab,
El-Hauol, El-Gapher and Magaria, respectively during the
period of the study. However, sand dunes had poor vegetation
because of their complete deterioration due to drought, rare
rainfall and sever grazing (Ahmed, 1981; Galal and Fawzy,
2007; El-Zanaty et al., 2009).It was noticed that 50% of plant species were annuals and
25% were perennials and 25% were woody perennials and
biennial.
Plant analysis
The growth parameters of the tested plant species tabulated in
Table 6 and illustrated in Fig. 1 reveal the following:
Root length/shoot length ratio
Root/shoot ratios in terms of length to length were tabulated
in Table 6. The length of the root was mostly and may be
almost exceeding the shoot length for some times with several
Table 2 Mean values of soil moisture percentage (%) of sand dunes in different locations studied at North Sinai.
Location Depth (cm) First year Second year Average
Dry Wet Mean Dry Wet Mean
El-Ssabha 0.2 0.218 1.936 1.077 0.132 1.911 1.022 1.049
20–40 0.266 2.366 1.317 0.162 2.335 1.249 1.283
Mean 0.242 2.151 1.197 0.147 2.123 1.135 1.166
El-Sheikh Zuwied 0.2 0.346 2.555 2.555 0.855 3.245 2.05 2.302
20–40 0.422 3.123 3.123 1.045 3.966 2.506 2.814
Mean 0.384 2.839 2.839 0.95 3.605 2.278 2.558
Abu-Asab 0.2 0.222 2.316 1.269 0.426 2.104 1.265 1.267
20–40 0.272 2.83 1.551 0.52 2.572 1.547 1.549
Mean 0.247 2.573 1.41 0.473 2.338 1.406 1.408
El-Hauol 0.2 0.283 2.361 1.322 0.341 2.506 1.424 1.373
20–40 0.345 2.885 1.616 0.417 3.062 1.74 1.678
Mean 0.314 2.623 1.469 0.379 2.784 1.582 1.525
El-Gapher 0.2 0.261 2.258 1.26 0.323 2.372 1.347 1.303
20–40 0.319 2.76 1.54 0.395 2.899 1.647 1.593
Mean 0.29 2.509 1.4 0.359 2.635 1.497 1.448
Magaria 0.2 0.255 2.453 1.354 0.248 2.045 1.147 1.25
20–40 0.311 2.998 1.654 0.304 2.499 1.401 1.528
Mean 0.283 2.725 1.504 0.276 2.272 1.274 1.389
Average 0.275 2.57 1.636 0.431 2.626 1.528 1.582
Table 3 Soil particle size in studied sand dunes in North Sinai.
Locations Percentage of practical size distribution (mm) Texture class
2–1 1–0.5 0.5–0.25 0.25–0.125 0.125 – 0.063 <0.063
El-Ssabha 5.80 28.30 20.80 26.20 17.80 1.20 Sand
El-Sheikh Zuwied 0.00 4.20 60.40 33.20 2.00 0.20 Sand
Abu-Asab 0.10 24.50 53.80 16.60 4.70 0.40 Sand
El-Hauol 0.00 0.43 22.52 31.56 33.58 11.04 Sand
El-Gapher 0.00 2.81 19.08 37.86 34.52 5.25 Sand
Magaria 0.07 8.30 23.75 32.78 25.20 9.11 Sand
Mean 1.26 12.26 34.44 29.97 17.81 3.98 Sand
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dune conditions and accumulation of sand soil must have good
expanded root systems and very short shoot system to avoid
the high lost of water, i.e. have good water absorbing organs
and less growth of transpiration organs. The higher propor-
tions of root/shoot length seemed to be obtained by C. cretica
and Moltkiopsis ciliate (5.923% and 5.809%, respectively).
Root dry weight/shoot dry weight (percentage)
The same conclusion was obtained when this ratio was calcu-
lated as weight by weight. Many other plant species showed
higher root proportion as weight by weight. This may be related
to higher reserve storage foods in roots than shoots such as C.
cretica and C. dactylon (0.587% and 0.741%, respectively).
The higher proportions of root/shoot dry weight % seemed to
be obtained by I. spicata and Cutandia memphitica (19.514%
and 17.325%, respectively). As a general the highest root dry
weight/shoot dry weight ratio than those corresponding ones
of length ratio seemed to be related to the highest dry weight
of root system which may be used by plants as storage organs.Root water saturation deﬁcit (W.S.D.%)
The highest of (W.S.D.%) in the roots of different plants
species was quite clear with I. spicata (72.573%), while the
lowest was gained by Mesembrayanthemum crystallinum
(20.146%).
Shoot water saturation deﬁcit (W.S.D.%)
The highest of (W.S.D.) in the shoots of different plants spe-
cies was quite clear with Paronychia sinaica (50.092), while
the lowest was gained by M. crystallinum (11.288).
In addition, roots of different plant species seemed to be
more or less containing mostly less (W.S.D.) than shoots. In
other words root tissues possessed more water than those of
mostly corresponding ones of shoot system, i.e. water losses
organs. It must be mentioned here, that the balance between
water absorption and water losses must be depending upon
many environmental factors and the structure and the physio-
logical characters of the plant itself. Under sand dune condi-
tions the more adapted plants survived, are those conserve
water in their tissues (Gad, 2004).
Table 4 Chemical characteristics of soil on six sand dunes locations at North Sinai.
Locations Depth
(cm)
Soil
PH
Soil
EC
(dSm1)
Soluble cations (mq/L) Soluble anions (mq/L Total N (%) Available P (p.p.m)
Na+ K+ Ca++ Mg++ CO HCO CL SO4
El-Ssabha 0–20 9.08 1.4 10.74 1.68 2.26 0.88 – 3.89 7.99 4.73 0.007 0.045
20–40 9.24 1.3 6.73 0.82 3.89 0.95 – 3.49 5.59 3.77 0.007 0.053
Mean 9.16 1.35 8.74 1.25 3.08 0.92 – 3.69 6.79 4.25 0.007 0.049
El-Sheikh Zuwied 0–20 9.21 1.5 5.94 1.27 2.84 0.98 – 3.44 5.24 2.32 0.006 0.053
20–40 9.22 1.3 3.92 0.78 2.69 0.77 – 2.66 3.38 1.47 0.007 0.047
Mean 9.22 1.4 4.93 1.03 2.77 0.88 – 3.05 4.31 1.9 0.007 0.05
Abu-Asab 0–20 9.25 1.5 2.88 0.43 2.7 0.6 – 2.51 3.06 1.66 0.006 0.055
20–40 9.23 1.4 4.25 0.83 2.83 0.88 – 2.87 3.89 1.82 0.006 0.053
Mean 9.24 1.45 3.57 0.63 2.77 0.74 – 2.69 3.48 1.74 0.006 0.054
El-Hauol 0–20 9.13 1.4 7.8 0.66 3.46 1.2 – 2.82 5.98 3.97 0.006 0.047
20–40 9.15 1.4 8.41 1.05 3.54 0.87 – 3.4 6.53 4.16 0.007 0.048
Mean 9.14 1.4 8.11 0.86 3.5 1.04 – 3.11 6.26 4.07 0.007 0.048
El-Gapher 0–20 8.07 0.8 4.37 0.87 3.63 1.01 – 3.04 4.67 2.23 0.005 0.058
20–40 8.17 0.8 4.23 0.77 2.73 1.01 – 2.98 4.28 1.59 0.005 0.048
Mean 8.12 0.8 4.3 0.82 3.18 1.01 – 3.01 4.48 1.91 0.005 0.053
Magaria 0–20 8.19 0.7 3.67 0.91 2.67 1.03 – 2.91 3.27 1.79 0.007 0.047
20–40 8.14 0.8 4.09 0.85 3.01 0.76 – 2.61 4.07 1.87 0.006 0.051
Mean 8.17 0.75 3.88 0.88 2.84 0.9 – 2.76 3.67 1.83 0.007 0.049
Average 8.84 1.19 5.59 0.91 3.02 0.91 – 3.05 4.83 2.62 0.007 0.051
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SD is considered as the percentage of water in different plant
organs. It seemed to be varied from species to another and
from year to year and from location to others and from organ
to other ones. These great variations must be related to the
prevailing environmental factors and the plant adaptability it-
self. Root of Stipagrostis plumosa possessed relatively the high-
er SD level among the tested plant species (72.393%), while the
lowest was gained by M. crystallinum (20.146%).
Shoot water succulence degree (%)
Convolvulus lanatuswas recorded as the highest SD level among
the tested plant species (55.707%). Again water balance be-
tween plant organs must be different from other ones. Finally
one can conclude that all of the tested plants grown under sand
dunes locations of North Sinai seemed to have mechanisms that
conserve the water in their tissues, but with variable degrees.
Simple correlation coefﬁcients and regression analysis between
root length/shoot length ratio, root dry weight/shoot dry weight
(%), water saturation deﬁcit (W.S.D.) and succulence degree
(%), (Fig. 1)
The highly signiﬁcant simple correlation coefﬁcients are those
of 0.482 and over this number.
The obtained coefﬁcients between root length/shoot length ratio
and root dry weight/shoot dry weight (%). The negative rela-
tionships are highly signiﬁcant and simple correlation coefﬁ-
cients and simple regression equation are (r= 0.531,
y= 2.280x+ 11.974).
The obtained coefﬁcients between water succulence degree (%)
in root and in shoot. The positive relationship is highly signiﬁ-cant and simple correlation coefﬁcients and simple regression
equation are (r= 0.484, y= 0.337x+ 22.071).
The obtained coefﬁcients between water saturation deﬁcit
(W.S.D.) and water succulence degree (%). The positive rela-
tionship is highly signiﬁcant and simple correlation coefﬁcients
and simple regression equation are (r= 0.725, y= 0.805x+
10.437).
Chemical analysis of plant, (Table 7)
Total chlorophyll content (mg/100 g fresh weight). The data re-
vealed that the highest concentration of total chlorophyll was
recorded in Astenatherum forsskalii (6.367 mg/100 g fresh
weight) while the lowest concentration was in M. crystallinum
(3.304 mg/100 g fresh weight). Many variations were noticed
between different plant species in these respects.
Total carotenoids pigment (mg/100g fresh weight). Data
showed that there were some variations between different plant
species. Total carotenoids are considered as assessor photosyn-
thetic pigments, and play an important role as protective agent
against the degradation of chlorophyll under full sunshine.
Accordingly, the ratio between carotenoids concentration
and total chlorophyll is very important in such xerophytic
plant species (Gad, 2004).
Carbohydrates (mg/g dry weight). Total soluble carbohydrates
were quite different among the tested native natural plant spe-
cies. The highest value was found in the shoot of C. lanatus
(38.000). Generally, shoots of different species possessed
mostly higher soluble carbohydrates than mostly of the corre-
sponding ones of roots.
Soluble carbohydrates play an important role for the
adjustment of osmotic potential. The highest of soluble carbo-
Table 6 Root/shoot ratio and plant water relationships of plants growing in different locations at North Sinai during two years (2007
and 2008).
Scientiﬁc name Root length/shoot
length ratio
Root dry
weight/shoot
dry weight (%)
Water saturation deﬁcit
percentage (W.S.D.)
Water succulence
degree (%)
Roots Shoots Roots Shoots
Mesembrayanthemum crystallinum 1.607 15.813 20.146 11.288 21.286 8.713
Silene aegyptiaca 2.664 15.412 35.943 43.196 26.351 39.525
Polycarpaea repens 2.136 12.337 28.045 27.242 23.819 24.119
Paronychia argentea 1.126 4.485 38.36 41.523 33.763 34.956
Paronychia sinaica 2.843 4.628 34.407 50.092 48.231 33.069
Salsola kali 2.5 10.376 50.749 33.669 54.34 49.251
Cornulaca monacantha 4.36 1.931 43.64 13.513 48.433 35.585
Lotus corniculatus 1.309 4.6 39.797 47.134 52.211 38.016
Convolvulus lanatus 5.029 0.884 44.728 40.719 53.851 55.707
Cressa cretica 5.923 0.587 29.047 47.244 48.814 37.464
Thymelaea hirsuta 3.299 0.781 40.104 45.985 48.520 40.578
Moltkiopsis ciliata 5.809 3.178 24.116 32.445 42.408 34.929
Echium longifolium 3.163 2.887 28.095 31.081 37.035 35.103
Centaurea pallescens 1.955 2.204 31.513 41.983 40.365 39.473
Iﬂoga spicata 1.218 19.514 72.573 35.933 56.133 32.618
Artemisia monosperma 2.899 0.789 43.145 45.247 55.209 36.686
Senecio desfontainei 2.129 2.91 50.899 31.043 34.755 46.756
Lactuca undulata 2.862 1.452 41.724 36.289 44.318 37.594
Cutandia memphitica 0.625 17.325 35.717 37.162 29.087 34.283
Schismus barbatus 0.667 14.24 61.702 34.475 64.865 38.298
Astenatherum forsskalii 3.047 2.684 54.967 56.353 56.651 52.655
Ammophila arenaria 1.659 2.381 47.146 45.547 59.151 37.035
Stipagrostis plumosa 1.917 1.585 27.129 42.112 72.393 35.061
Cynodon dactylon 2.270 0.741 56.706 30.038 59.429 46.294
Mean 2.626 5.988 40.85 37.555 46.309 37.657
New L.S.D. at 5% 0.597 0.940 6.543 1.274 8.596 6.585
Table 5 Distribution of plants growing and their families in six sand dunes in different locations at North Sinai during two years 2007
and 2008.
Family name Scientiﬁc name Vernacular name Locations Life duration
1 2 3 4 5 6
Aizoaceae Mesembrayanthemum crystallinum Ghasool  +     Ann.
Caryophyliaceae Silene aegyptiaca Atar + + + +   Ann.
,, Polycarpaea repens Mokoor    +   Ann.
,, Paronychia argentea Rokheima   +    Per. Ann.
,, Paronychia sinaica Rokheima  + + +   Per.
Chenopod iaceae Salsola kali Eshnaan  +     Ann.
,, Cornulaca monacantha Haad +    + + Frut.
Leguminosae Lotus corniculatus Garn el- ghazzal + + +    Per.
Convolvulaceae Convolvulus lanatus Rakhaam +    + + Frut.
,, Cressa cretica Abu-hosaaba +      Per.
Thymnelaeaceae Thymelaea hirsuta Mitnan     +  Frut.
Boraginaceae Moltkiopsis ciliata Halama +      Frut.
,, Echium longifolium Hinna el-daba + +     Ann.
Astraceae Centaurea pallescens Yamroor +      Bi.
,, Iﬂoga spicata Kreishit el-gadye +  +    Ann.
,, Artemisia monosperma Aader   + + +  Frut.
,, Senecio desfontainei Qorreis  +     Ann.
Compositae Lactuca undulata Khaz-Khass    +   Ann.
Boiaceae Cutandia memphitica Gazzof  +  +   Ann
,, Schismus barbatus Bahma   +    Ann
,, Astenatherum forsskalii Nigeel en-naga +      Per.
,, Ammophila arenaria Gazzof + + + + + + Per.
,, Stipagrostis plumosa Nawa beida   +    Ann.
,, Cynodon dactylon Nigeel baladi  +     Per.
Ann. = Annual; Per. = Perennial; Frut. = Woody perennials; Bi. = Biennial; += present; = absent.
1, 2, 3,. . ., 6 = sand dune locations.
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Fig. 1 Relationship between root length/shoot length ratio, root dry weight/shoot dry weight (%), water saturation deﬁcit (W.S.D.) and
water succulence degree (%).
Table 7 Average of total chlorophyll, carotenoids pigment, carbohydrates and proline content of plants growing in six sand dunes
locations at North Sinai during two years 2007 and 2008.
Scientiﬁc name Total chlorophyll
content
(mg/100 g.
fresh weight)
Carotenoids
pigment
(mg/100 g
fresh weight)
Carbohydrates
(mg/g dry weight)
Proline content
(lg/100 g fresh weight)
Roots Shoots
Mesembrayanthemum crystallinum 3.304 1.820 16.30 20.350 0.543
Silene aegyptiaca 5.096 2.820 13.000 30.700 0.644
Polycarpaea repens 4.200 2.320 14.650 25.525 0.594
Paronychia argentea 4.631 2.930 18.700 28.000 1.979
Paronychia sinaica 4.540 2.530 8.000 19.350 1.646
Salsola kali 5.993 2.940 14.700 28.700 1.964
Cornulaca monacantha 4.713 2.850 22.800 35.300 1.709
Lotus corniculatus 4.913 2.560 27.000 34.350 3.231
Convolvulus lanatus 6.846 3.460 26.650 38.000 5.214
Cressa cretica 4.853 2.920 26.800 14.800 1.623
Thymelaea hirsuta 5.213 2.884 20.664 28.357 2.481
Moltkiopsis ciliata 4.640 2.460 16.000 14.25 1.675
Echium longifolium 4.571 2.670 30.800 19.700 1.847
Centaurea pallescens 5.010 3.100 15.800 24.700 2.462
Iﬂoga spicata 4.496 2.450 16.300 35.350 4.126
Artemisia monosperma 5.016 2.610 14.500 43.650 4.785
Senecio desfontainei 5.194 2.320 11.050 28.700 2.229
Lactuca undulata 4.821 2.602 17.408 27.725 2.854
Cutandia memphitica 4.631 2.350 18.700 36.700 1.676
Schismus barbatus 4.851 2.560 2.600 28.700 1.871
Astenatherum forsskalii 6.367 3.030 6.750 19.350 3.178
Ammophila arenaria 4.855 2.650 11.450 23.000 2.61
Stipagrostis plumosa 4.669 2.310 9.800 18.000 2.846
Cynodon dactylon 5.660 2.810 7.000 26.000 4.274
Mean 4.962 2.665 16.143 27.052 2.419
New L. S. D. at 5% 0.878 0.940 1.443 3.106 0.823
88 M.R.M. Gad et al.hydrates in shoot than the corresponding ones of roots seems
to play an important role for water translocation to shoots
from the roots or from the relative humidity of air, as many
plant species grown under arid zone could absorb water from
atmosphere beside soils (Devlin and Witham, 1983). The vari-
able of soluble carbohydrates among different plant species
must play an important role on the water balance with plant
tissue organs.Proline concentrations (lg/100g fresh weight). Proline concen-
tration is considered as the monitor of stress aridity condi-
tions. The highest formation of proline in plants means
that such plants must have been exposed to drought condi-
tions. This concentration must be differed from plant species
to other ones. The highest proline value was found by C.
lanatus, Artemisia monosperma, C. dactylon and I. spicata
(5.214, 4.785, 4.274 and 4.126, respectively). The lowest
Table 8 Average of some macro nutrients in roots and shoots system (mg/g dry weight) of native plants growing in six sand dunes
locations at North Sinai during two years 2007 and 2008.
Scientiﬁc name Nitrogen Phosphorus Potassium Sodium Calcium Magnesium
Roots Mesembrayanthemum crystallinum 9.60 0.10 2.90 8.75 8.20 1.55
Silene aegyptiaca 4.70 0.20 4.60 11.55 10.10 1.80
Polycarpaea repens 7.15 0.15 3.75 10.15 9.15 1.67
Paronychia argentea 6.00 0.30 10.90 12.20 10.00 0.09
Paronychia sinaica 5.10 0.20 9.00 5.20 5.20 1.05
Salsola kali 6.80 0.40 4.10 14.70 5.00 2.00
Cornulaca monacantha 8.10 0.30 7.20 5.55 5.95 1.75
Lotus corniculatus 8.60 0.40 8.50 14.90 9.90 0.85
Convolvulus lanatus 8.30 0.30 7.30 12.70 7.00 0.12
Cressa cretica 7.60 0.80 4.20 6.75 10.15 2.65
Thymelaea hirsuta 7.21 0.39 7.31 10.29 8.03 1.22
Moltkiopsis ciliata 5.50 0.90 4.20 5.35 14.4 3.65
Echium longifolium 8.20 0.50 2.90 6.40 7.10 1.90
Centaurea pallescens 6.20 0.40 1.50 0.90 4.30 2.20
Iﬂoga spicata 6.80 0.30 4.90 1.75 4.20 2.65
Artemisia monosperma 4.00 0.30 3.60 4.05 3.70 2.75
Senecio desfontainei 3.90 0.30 3.10 3.15 9.95 1.95
Lactuca undulata 5.77 0.45 3.37 3.60 7.28 2.52
Cutandia memphitica 5.30 0.30 3.90 2.00 6.80 1.20
Schismus barbatus 5.50 0.30 3.30 2.20 5.00 0.90
Astenatherum forsskalii 5.60 0.50 1.50 0.85 4.20 0.95
Ammophila arenaria 7.70 0.40 3.90 0.80 4.95 1.20
Stipagrostis plumosa 7.80 0.60 3.00 0.60 8.50 1.60
Cynodon dactylon 5.70 0.40 4.50 5.40 4.00 3.10
Mean 6.55 0.38 4.73 6.24 7.31 1.72
New L. S. D. at 5% 1.30 0.14 1.44 1.19 1.38 0.70
Shoots Mesembrayanthemum crystallinum 11.90 0.30 9.00 6.30 13.8 9.90
Silene aegyptiaca 9.00 9.60 7.50 9.15 12.10 8.90
Polycarpaea repens 10.45 4.95 8.25 7.725 12.95 9.4
Paronychia argentea 10.60 10.80 7.90 21.20 11.70 7.90
Paronychia sinaica 18.30 0.20 6.40 19.30 17.75 6.35
Salsola kali 10.80 0.50 1.20 19.90 8.40 8.80
Cornulaca monacantha 18.00 1.20 7.20 7.50 10.95 6.65
Lotus corniculatus 15.70 0.70 9.80 15.95 8.10 7.40
Convolvulus lanatus 7.50 0.30 9.20 15.45 10.95 10.60
Cressa cretica 10.70 0.40 4.20 3.40 7.85 3.15
Thymelaea hirsuta 13.09 2.01 6.56 14.67 10.81 7.26
Moltkiopsis ciliata 7.50 0.80 13.40 5.25 11.85 2.95
Echium longifolium 11.10 0.30 3.20 5.20 11.80 8.50
Centaurea pallescens 12.40 0.20 4.10 9.10 7.20 7.70
Iﬂoga spicata 7.00 0.30 5.60 3.80 7.10 10.30
Artemisia monosperma 10.30 1.20 14.30 8.20 7.10 9.90
Senecio desfontainei 11.10 0.30 8.50 2.05 10.05 9.40
Lactuca undulata 9.90 0.52 8.18 5.60 9.18 8.13
Cutandia memphitica 7.20 0.40 7.90 0.90 5.50 11.1
Schismus barbatus 10.00 0.40 8.80 2.30 5.90 9.00
Astenatherum forsskalii 12.00 0.50 4.20 2.10 3.40 1.80
Ammophila arenaria 3.30 0.60 5.50 0.30 8.75 12.10
Stipagrostis plumosa 11.50 0.90 3.90 0.20 7.40 4.60
Cynodon dactylon 3.90 0.50 5.00 13.50 11.00 3.70
Mean 10.55 1.58 7.07 8.29 9.65 7.73
New L. S. D. at 5% 1.45 0.57 1.44 2.20 1.44 1.44
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Polycarpaea repens and Silene aegyptiaca (0.543, 0.594 and
0.644, respectively).
Some mineral compositions in plant tissues (Table 8). The
determinations of N, P, K, Na, Ca and Mg in roots and shoots
as (mg/g dry weight) indicated that the natural native plant
could absorb the nutrients from the poor nutritional soil.Shoots possessed mostly higher concentration of most ele-
ments than most roots of different plant species (in roots
6.55, 0.38, 4.73, 6.24, 7.31 & 1.72, respectively and in shoots
10.55, 1.58, 7.07, 8.29, 9.65 & 7.74, respectively). The highest
concentrations of N, P, K, Na, Ca and Mg in roots were
recorded withM. crystallinum,M. ciliate, Paronychia argentea,
Lotus corniculatus,M. ciliate andC. dactylon (9.60, 0.90, 10.90,
14.90, 14.40 and 3.10, respectively).
90 M.R.M. Gad et al.The highest concentrations of N, P, K, Na, Ca and Mg in
shoots were recorded withP. argentea, P. sinaica,A. monosper-
ma, P. argentea, P. sinaica and Ammophila arenaria (18.30,
10.80, 14.30, 21.20, 17.75 and 12.10, respectively).
Microorganisms play an important role in the uptake of
different nutrients by growing plantations under the poor soil
such as sand dunes (Sturmer andBellei, 1994; Jang et al., 1995;
Kaske and Gemma, 1996; Siguuenza et al., 1996; Maun, 1998).
Conclusions and recommendations
In the view of the above mentioned natural plants growing
on the sand dunes, North Sinai – Egypt plays an important
role in sand dunes stabilization under the variable condi-
tions. The endemic plants have mechanisms to adapt the
drought conditions. This includes high values of root
length/shoot length ratio, root dry weight/shoot dry weight
percentage, water saturation deﬁcit percentage in root and
shoot, water succulence degree percentage in root and shoot,
total chlorophyll, carotenoids pigment, carbohydrates, pro-
line content and some macro nutrients in root & shoot sys-
tems (nitrogen, phosphorus, potassium, sodium, calcium and
magnesium).
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